In this study, we performed semi-automatic extraction of lineaments using satellite imagery of Landsat-8 OLI (Operational Land Imager) and digital elevation model of SRTM (Shuttle Radar Topography Mission). The developed algorithm used for this purpose combines STA (Segment Tracing Algorithm), ALEGHT (Automatic Lineament Extraction by Generalized Hough Transform) and AERA (Alluvial Effect Reducing Algorithm) to achieve maximum precision in the output results. To evaluate the spatial distribution of lineaments, we performed multicriteria statistical analysis and mapping of the density and length. This methodology was applied to Segui region located in the southwestern part of Tunisia. It is characterized by folds made up by carbonate formations. The statistical analysis shows emergence of two major general lineament trends that represent extrados faults and has the same direction of folds axis. Density measurements of the spatial lineaments distribution indicate a high density in the centre of structures. High density is also observed along fold hinges and structural gaps. Measurements of lineaments lengths show that directional families with the same fold axis are the longest. The proposed approach is useful in other similar case studies for the morphotectonic and lineament interpretation.
Introduction
The deformation of Earth's crust and the occurrence of folded structures are generally related to the tectonic. The study of associated structures with these phenomena requires the use of different geological parameters such as hinge form, fracture dimension, length and intensity and the treatment of data with different scales.
However, the study of geological lineaments is elementary to understand the folds formation process as well as the control of geological material deformation.
The term "lineament" indicates, according to [25] , a significant line of the landscape, having a rectilinear or curvilinear form caused by joints or faults and that reveals the architecture of the geological substratum [61] .
The identification of these lineaments and structures is developed by using the remotely sensed data and photointerpretation of satellite images.
The study of spatial distribution lineaments is an advanced analytical approach used in many research disciplines [43] . It can be used in mechanical study of hard rocks fracturing to explain establishment models [13, 21, 51] . In addition, it can be used in the study of mineralisation in fractures and veins for mining exploration [4, 62] , as well as in water resources investigation and thermal inquiry [10, 17, 50] . It can be used, also, in geotechnical and urban planning projects and for seismic and landslide risk assessment [43, 47] .
Satellite imagery and aerial photography are widely used on lineament extraction and enhancement for different purposes. Since satellite images are obtained from multispectral wavelength intervals, they are considered as a better tool to detect lineaments and to produce better information than conventional aerial photographs [27, 44] . The photo-interpretation of lineaments is frequently more trustworthy than their discrimination in the field. Some of those may have a low expression on the ground and may not be visible underneath a plant cover or may build a distinct geomorphological feature recognizable only from a distant overview point [19] . Moreover, the changes in vegetation and surface texture related to lineaments are difficult to recognize at a close range [18, 48, 49] . The use of satellite images enables the distinction between semicontinuous linear features or lineaments [34, 62] . Therefore, uses of recent satellite imagery of Landsat-8 with advanced technology give high-quality results and more accurate interpretations [54, 55] .
The motivation of this work is to use advanced methods of semi-automated extraction of lineaments from Landsat-8 satellite imagery and SRTM DEM (digital elevation model) using developed algorithm that combine STA (Segment Tracing Algorithm), ALEGHT (Automatic Lineament Extraction by Generalized Hough Transform) and AERA (Alluvial Effect Reducing Algorithm) to understand lineaments arrangement and their spatial distribution, by using a multicriteria statistical analysis. The proposed approach is useful in other similar case studies and is helpful for researchers in structural geology for the morphotectonic interpretation and lineament spatial distribution investigations.
Study Area
The study area is located in the southwestern part of Tunisia. It extends over 3658 km 2 . It is characterized by folded structures formed during the major compressive deformation phase of Plio-Pleistocene [3] . The majority of the anticlines in this region have an East-West to ENE-WSW axial direction.
The tectonics of this region are characterized by a stunning homogeneity that produced following geological structures. Major faults in the study area represent branches of the South Atlas front that separates Tunisian Atlas chain and Saharan platform. These faults dominate the geological structures of the region [2, 43, 63] .
Three parts are considered in this study ( Fig. 1 ). In the northern part, it exists the range of Jebal Orbata and Jebal Bouhedma along 70 km and with 12 km of width. El Mech junction relates these two mountains. In the central part of the study area, outcrops are located in two linked structures, Jebal Chamsi and Jebla Belkhir with 58 km of length and 7 km of width. In the southern part, the Chotts range is composed of multiple anticline structures, with a total length of 62 km and width between 3 and 12 km. The study area is bordered in the western part by many branches of the Gafsa fault (belongs to the South Atlas front). In the eastern centre, wide plains and depressions are marked by salt lakes of Sabkha Noual and Sabkha Sidi Mansour.
The outcrops of geological formations in the study area are from the Trias to the Quaternary dominated by carbonate units of Lower and Upper Cretaceous and Eocene series [23, 32, 65] .
Data Type and Acquisition
To establish a lineament map of the study area, we used a remotely sensed data of Landsat-8 OLI (Operational Land Imager) imagery and digital elevation model (DEM) from the Shuttle Radar Topography Mission (SRTM). The geologic and topographic maps are used to confirm results and interpretations.
Remotely Sensed Data
The lineaments detected from satellite images are influenced by many factors related to climate, phenology, hydrology and the illumination source at the time of data acquisition [24] . The image visual quality depends on used spectral bands and on shooting date as well as the scale of shooting [11, 46] . In addition, we take into account sensor calibration, atmospheric effects and aiming geometry [35, 57] .
The used data are extracted from Landsat-8 OLI satellite. The diversity of channels provides to users many information to manipulate.
The used image was taken on 12 April 2015 at 09 h54 (am); solar radiance comes from the southeast. The month of April corresponds to the period when the vegetable activity is developed and the soil structure is greatly influenced by vegetation that is why lineaments enhancement is therefore easier to do after elimination of vegetation index [45] .
Furthermore, Landsat data have the advantage of lineaments enhancement due to the low value of solar angle and removal of annoying spatial details [11] .
The use of the bands 2, 3, 4, 5, 6 and 7 (resolution 30 m) and panchromatic band 8 (resolution 15 m) is important to shape coloured compositions that facilitate the lineament extraction [7, 29] . This brings out shadows related to topography and drainage network often controlled by geological structures.
Digital Elevation Model
The DEM of the study area was obtained from images of the American Topographic Mission "SRTM30-1Arc second" [20] .
It allowed to dispose of an image that offers digital representation of topography at any point on land surface and defined with a mesh of 30 m × 30 m [22] .
From this image, we extracted a map of digital elevation model of the study area from Bouhedma-Segui region. In Fig. 4 , White colour (R = G = B = 255) corresponds to low points and black colour (R = G = B = 0) corresponds to high points.
Coordinate system used in this work was uniform for all maps in workspace with "Universal Transverse Mercator" (UTM).
Analysis Methods

Landsat-8 OLI Digital Image Processing
The following digital image processing procedures were performed on the Landsat-8 OLI image.
Step 1. Spectral enhancement: Optimum Index Factor (OIF) analysis was performed, on the original Landsat-8
OLI multispectral imagery (no thermal bands were included) to determine the best band combination for lineament extraction [5] . The combination of bands with the highest OIF contains the uppermost spectral enquiry which can peak maximum ground surface anomalies, by carrying out the highest variant (highest sum of standard deviation) and the lowest duplication of the image (lowest correlation among band pairs) [6, 14] . Step 2. Resolution enhancement: for better lineament extraction, this resolution was enhanced upon using the pan-sharpening tool of the ENVI 5.1 software. The panchromatic band of Landsat-8 OLI image has 15 m resolution, which is fused with 30-m False Colours Composites (FCC) image for improved resolution [33, 58] .
Step 3. Radiometric enhancement: in order to facilitate interpretation of geometrically corrected images, it is important to proceed linear spreads. Lowest values of grey levels reduced to zero and highest carried to 255. Amplitudes set occupy the grey scale more effectively, and we obtain images more contrasted than the original images [15, 40, 61] .
Step 4. Spatial enhancement: this implies the uses of edge enhancement filter on the stretched image. This accentuates the comparative difference between a cell's value and its neighbour's, in order to highlight the boundaries between features [14] .
SRTM DEM Processing
The output raster DEM generated within the boundary of the study area and with a specified output cell size. The spatial resolution is chosen depending on the scale and purpose of the analysis.
Step 1. Hillshade creation: it consists of the dependency of results on the illumination azimuth when the shaded relief is used for lineament extraction [56] . To avoid this azimuth partiality, we combined illuminated input raster data into one output raster. The roughness of the shaded reliefs is used as an asset in the adopted method. The illuminated shaded reliefs are used to pull out different results which are processed separately.
Step 2. Hillshade spatial enhancement: because the resolution of the hillshade output raster is the same as the input DEM (SRTM), the spatial resolution, the altitude of illumination (height of the light source) and its azimuth (angle of the light source) are parameters that influence the shaded relief. The illumination altitude involves the image contrast and depends on field characteristics. However, a major change to the parameter value causes only a minor change in results. A constant value of 30°was chosen for the study area.
The illumination azimuth has a significant impact on the results [56] , and its variation range from 0 to 360°.
Lineament Extraction Algorithm
In this study, we performed the following algorithm ( Fig. 2 ).
STA
Lineaments were extracted using the Segment Tracing Algorithm (STA) [39] , which seeks for the Numeric Value Signature (NVS) in every pixel of a satellite image. Each pixel of crest and hollow can be sealed based on continuous or discontinuous NVS values. The lineament extraction can be performed after preprocessing of the image. The method of medial filtering is used for image attenuation and noise elimination [36] . The STA method includes the following procedures.
Search for Pixels in a Continuous Direction First, a small window is established with a pixel at the centre. The window size is then 05 × 05, 09 × 09 or 11 × 11 pixels; and various radial search direction intervals (such as 16) are set upon the gamut of 0 to π.
The variable (x) represents the NVS value of pixel x, and (x + h) represents the NVS value of a distance x and an angle θ. The continuity of the NVS value based on a straight line can be evaluated using (Eq. 1)
where (x) represents pixel x, corresponds to the weight coefficient, h is the distance from x and h is the distance from the item of interest. The weight coefficient (x) enhances the role of pixel x and underscores the difference between pixels that are beside x and the NVS values of the pixels. When ε is small, the direction (k min ) can be used as a continuous direction for the NVS pixel values. Lineaments can be extracted using the NVS pixel data, which could claim the use of a larger window. This study looks into the lineament study precision and elapsed time quest based on an 11 × 11 pixel window size.
Line Element Determination The variable rate of (x) is elaborated using Eq. 2; the variable rates are equally important in light and gloomy areas; therefore,
Considering that the NVS pixel values arise in a rectangular direction (k max ), Eq. 3 can be expressed as follows:
If λ 0 is larger than the threshold value T, then the centre pixel is considered a line element p:
In Eq. 4, ν and σ represent the mean and standard deviation, respectively. η is the ratio of (h) that accords with the neighbouring pixels (h = 1) and their NVS values, where η = Eq. 1/Eq. 1. The value of η can be established using the NVS variation function (h). h depicts the relevance between the variance of each data pair and distance h. The equation used to evaluate (h) is Eq. 5:
where E represents the expectation. Variation functions are created parallel and perpendicular to the sun direction (s) and are denoted by y p (h) and y c (h), respectively.
Line Element Connection
The connection direction of line element p is limited to the range of k min − π/16 ∼ k min + π/ 16 along k min . The sector scan area consists of p, k min , H and the apex angle, where p is the centre pixel, k min is the centre direction, H is the radius and the apex angle is equal to π/8. If numerous line features exist, then p and line features farthermost from p should be tied on the study area (Eq. 6):
where H is related to the line element azimuth. Each pixel in the research area can be quested, assessed, rated and tied using the above steps. The lineaments characteristics in a remote sensing image can then be calculated.
Supervised Combination
The method is called semi-automatic because the user is asked to supervise the combination of two input data after the application of STA algorithm. The two different input data are the result of STA algorithm processing of Landsat-8 OLI and of SRTM DEM.
This method consists to applicate similarity ratio index using Jaccard (Jacc) similarity indices [8] . It allows enhancement of extracted lineament from Landsat-8 OLI and SRTM DEM by elimination of not-similar and not-congruent lineament and retain just those with high similarity index value.
ALEGHT
The ALEGHT algorithm is based on the Generalized Hough Transform. This algorithm can be summarized as follows [60] ;
The binary image is rotated at regular intervals from 0 to 90°with respect to the centre point of the image. In this case, the vertical and horizontal line structures are extracted by examining the end points of the line structures continuing in the vertical direction and the horizontal direction in each rotated image. Finally, the line structure is rotated back to obtain the coordinates of the original image. The Generalized Hough Transform can obtain the coordinates of the endpoint of a line almost exactly. However, unlike other Hough transforms, there is a disadvantage that the result is not good when there is a lot of noise in the image. The STA image has good connectivity despite topographic irregularity effects, so it is possible to apply Generalized Hough Transform. Each pixel in the original image is converted by the following equation (Eq. 7):
The extracted line structure is inversely transformed by the following equation (Eq. 8):
The size of the accumulator matrix in the system table of the ALEGHT algorithm is determined by the quantification interval among the initial input variables. The extracted lines are finally concatenated and removed through the joint calculation process, but the process of combining the lines having various slopes is very complicated. Therefore, in this algorithm, if a line exceeding the minimum extension length is detected while continuing the line extension for each row and column of the emulator matrix, the line is extended until the continuity is terminated. Also, the line structure extracted from the image rotated by the angle is rearranged through the primary combining process before the inverse transformation. The lines extracted by the Generalized Hough Transform are constructed by the final line structure diagram through the combination operation and the definition in the previous section.
AERA
In urban areas and cultivated areas where the alluvial layer is widely distributed in the input image, the same noise as in the case of applying the algorithm considering the alluvial layer is generated. When the results of such noise are applied to an algorithm that extracts the end points of linear structure elements, line structures and non-linear errors occur [9] .
In this study, we developed the algorithm to reduce the noise by the following three steps:
Step 1. First, we make a zero matrix whose row and column size is larger by 4 than the original image consisting of only 0 and 255 pixels and place the first value in the (3, 3) pixel value.
Step 2. Compare the values at each pixel location so that the centre value of the matrix is [0, 0, …]. The value of 0 is set to [255, 0, …] or [0, 255, …] as if it were centred on the left pixel. It is recognized as a line structure and a value of 255 is assigned.
Step 3. , …] and the sum of these values is more than 1020, namely, if the four pixel element has a value of 255), the horizontal or oblique value, recognized as a line structure in the original image, will lead to a conclusion that is determined by the nonlinear element. Therefore, if the value is less than 1020, it is judged to be influenced by the horizontal line structure and included in the line structure.
Statistical Analysis Methods
To interpret results of extracted lineaments, we used statistical methods based on coupling of measurements of lineament direction, density and lineament length. The lineament direction measurement consists of the enumeration in orientation of every detected lineament [30] . To explain the results, we used rose diagram method involving stereographic projection and we represent the total number of counted lineaments. It is a bidirectional representation from 0 to 180°subdivided according interval class of 10°. Automatic counting of lineaments using Microsoft Office Excel 2013 and Origin Lab 9.0 software helps to identify dominant trending and its proportion. Lineament density calculation proceeded by consideration of the surface unit (km 2 ). Measurement performed by the interpolation method of cubic convolution [31] and using the equation below (eq. 9):
where ΣLi is the total length of all lineaments within the study area (km) and U is a unit area (L 2 = km 2 ). The calculation of lineaments general length was based on automatic measurements using Rockworks 14 software. It consists to measure distance between two extremities of extracted lineaments. Calculation of average length (km) and cumulative total length was performed by Microsoft Office Excel 2013 and Origin Lab 9.0 software.
Results
The application of automatic lineament extraction with Segment Tracing Algorithm (STA) to Landsat-8 images (Fig. 3 ) and to SRTM DEM (Fig. 4) Were performed separately. The application of a supervised combination of the two input data using similarity ratio index of Jaccard (Jacc) method shows the appearance of raw lineaments map of the study area. Figure 5 shows appearance of all kinds of natural lineaments (not anthropogenic) such as wadis, sabkhas (salt lakes), vegetation and faults in non-mountainous area.
To eliminate these disturbing lineaments and to reduce noise from initial result, we used ALEGHT (Automatic Lineament Extraction by Generalized Hough Transform) and AERA (Alluvial Effect Reducing Algorithm) to reduce noise and eliminate non-structural lineaments.
After these treatments, we established the lineament map of the study area. Before validation of this map, we performed checks and verifications of these results by consulting available topographic and geologic maps, by multiple observations and visual verification from true colours satellite images. We also performed field checks to confirm results, and we established final lineament map (Fig. 6 ).
Statistical processing of lineaments enumerates over 2500 lineaments. Representation of lineaments was realized by directional families grouping with 10°class. The rose diagram ( Fig. 7) shows the appearance of clear dominance of ENE-WSW major trending of lineaments.
The most dominant family is N60-N70 counting 287 lineaments, whether about 5% of all lineaments. This major direction of lineament has the same axis fold direction of study area folded structures. These structures have general direction of ENE-WSW to E-W that characterizes Tunisian southern Atlas [2, 43, 63] .
According to these interpretations, we can conclude that this dominant family direction represents extrados faults that characterize any type of folds. They reach maximum density along hinges.
It is important also to notice the individualization of NNW-SSE general trending of lineaments; this direction does not really have an important statistical extent in comparison with the main trending. But it can be considered as attractive directional family. It represents the same general direction of deformation stress related to compressive tectonic phase responsible for structuring of this region.
To better understand the spatial distribution of these lineaments, we calculated the density by surface unit. We generated a map of lineament density using the interpolation method of cubic convolution (for continuous data) [31] realized automatically using ArcGIS software. The cubic convolution is a method for image interpolation, which is the process of defining a spatially continuous image from a set of discrete samples. The image interpolation is fundamental to the many digital image-processing applications, particularly in operations requiring image resampling, such as scaling, registration, warping, and correction for geometric distortions. Commonly, the interpolation is implemented by convolving an image with a small kernel for the weighting function [38] . Figure 8 shows high general density of lineaments in structures centres. It exceeds in some localities 2.5 lineaments per 1 km 2 .
The lineament density decreases progressively away from the centres of structures, even it is folded and structured domain.
The fracture density map shows, therefore, a concentric aspect. It reaches maximum values in centre of structures and minimum values in the peripheries.
We can also notice the increase of lineament density in zones where we have a visible variation of structuration and general elongation of Jebals. These zones marked by the existence of major tectonic accidents that control study area structuration, for example, different branches of Gafsa accident and El Mech fault.
For example, we notice a visible increase of density in Jebals Orbata and Bouhedma junction, where the density reaches maximum values.
To validate results, we used different analysis method that consists of the lineaments length study ( Fig. 9 ). Results show that the cumulative total length is 2187,326 km.
Results appear similar to what we found in direction analysis. Families of ENE-WSW major trending have maximum lineaments lengths may exceed 9 km. The second family that run-up and appears more individualized is NNW-SSE direction.
These results confirm that ENE-WSW major trending of lineaments is related to extrados faults that have values close to those of anticline structures elongation length of the study area, as well as NNW-SSE lineament direction, which represent the effect of deformation stress related to the compressive tectonic phase of Plio-Pleistocene.
According to these results, we are able to elaborate establishment model of two major faults directions: those of extrados faults and similar to stress direction faults (Fig. 10 ). To investigate this finding statistically, we used a different scale and spatial resolution of remotely sensed data. We subdivided the study area into 3 zoomed zones, which include the 3 main geological structures outcrop ( Fig. 11 ): Zone 1 encloses the two structures of Jebal Chamsi and Jebal Belkhir, zone 2 contains the Orbata-Bouhedma structure and zone 3 regroups the complex of Chotts range. We applied the proposed algorithm to these zoomed subzones to evaluate the homogeneity of results and to confirm that they have the same behaviour.
Statistical processing of lineaments from these 3 zones confirms the appearance of clear dominance of ENE-WSW major trending of lineaments (Fig. 12a, c, e ). This finding confirms that this major direction of lineament has the same axis folds direction of study area folded structures.
The second NNW-SSE directional family of lineaments is already appearing in all zones and confirms that it represents the same general direction of deformation stress related to compressive tectonic phase responsible for structuring of this region. By examination of maps lineament density of each zone (Fig. 12b, d, f) , we can conclude that the lineament density decreases progressively away from the centres of structures, even it is folded and structured domain. These density maps show, therefore, a concentric aspect. It reaches maximum values in centre of structures and minimum values in the peripheries.
The results lead to similar conclusion where founded previously in initial test of the proposed approach for upscale study area.
Discussion
Several methods and algorithms are reported in the literature to address the issue of automated and/or semi-automated lineament extraction. Most methods are based on edge filtering techniques such as START, Canny and EDISON algorithm.
The most widely used software for the automatic lineament extraction is the LINE module of the PCI Geomatica. [26, 52] . Previous works reported the research efforts for the enhancement, semi-automatic or automatic lineament detection and extraction. For the enhancement purpose, they proceed with the use of linear and non-linear spatial filters, such as directional gradients, Laplacian filters, Sobel and Prewitt operators [53] and also morphological filters [16] . For the semi-automated and automated lineament extraction, they proposed several methods such as edge following, graph searching [53, 59] and novel edge tracing algorithms (Segment Tracing Algorithm (STA)) [39] . Other researchers used the identification by optimal edge detectors (e.g. the algorithms of Canny [37, 64] , Rothwell [12] and EDISON [41] . These used approaches have provided quite promising results in terms of one pixel width, length, connectivity and noise reduction [53] .
Although results appear consistent with prior research, they appear inconsistent with the used methods. However, the existing research focused on limited algorithm using specific parameters and partial analysis. Even though we did not replicate the previously reported algorithms, our proposed approach suggests the combination of different algorithm to achieve maximum accuracy. However, even better results are achieved when using our algorithm.
The accuracy was evaluated by comparing the extracted lineaments using developed algorithm to the set of lineaments in the reference database. The reference database is based on visual image interpretation and manual extraction and on previous researches in the region such as tectonic reports and structural geology studies [3, 42, 63] . We analysed the results before and after algorithm application. The result shows that the application of the noise reduction algorithm significantly improves the accuracy of the extraction method. The highest overall accuracy was achieved by applying a combination of the ALEGHT and AERA algorithm.
Previous studies evaluating relationships of folding and fracturing in the Gafsa region observed consistent results The applicability of these new methods is then tested on different scale with zoomed spatial resolution. This delivers significantly better results. These findings support the notion that the two major fault trendings are influenced by the tectonic regime and regional stress direction.
Therefore, this study makes a major contribution to characterize the mechanical deformation and stress analysis in the Gafsa region by demonstrating the facility to characterize, evaluate and estimate the multiscale spatial distribution of fractures in a rapid and effective manner.
Perhaps the most serious disadvantage of this method is the uses of a big database and large statistical information. Thus, the results can vary according to the quantity of used data. However, this method does involve potential measurement error.
This study used free and open source remotely sensed data collection such as Landsat-8 OLI imagery and SRTM digital elevation model based on recommendation from previous comparative works that propose this collection as a better choice for lineament enhancement [1, 28] . In order to test whether this is equivalent across free open source data, more research is needed to apply and test and compare other free and open source data such as Sentinel-2 imagery and Radar Sentinel-1 Data and ASTER GDEM (Global Digital Elevation Map) and also TanDEM-X (TerraSAR-X add-on for Digital Elevation Measurement). This comparison and test conduct to experience the best sensors to deploy the algorithm. This yields increasingly good results on used data and might prove an important area for future research.
In future investigations, it might be possible to use a different remotely sensed data and scales in which lineaments and geological structure deformation will be more accurate. Highresolution satellite imagery and high-reliability digital elevation models would help us to establish a greater degree of accuracy on this matter. However, more research on this topic needs to be undertaken before the association between largescale and small-scale is more clearly understood. Further research is required to develop reliable analytical methods for lineament and geological structure deformation. 
Conclusion
In this work, we developed an algorithm of semi-automated lineament extraction from Landsat-8 OLI imagery and SRTM digital elevation model. This method is based on STA algorithm combined with ALEGHT and AERA algorithm to reduce noise and enhance lineament results. Then, we displayed statistical interpretation methods of lineaments spatial distribution, especially lineaments density and length.
Results show emergence of two major general trends that represent two types of lineaments. The most important lineament direction represents extrados faults and has the same axis folds direction of study area folded structures. The second important direction has the same general trending of deformation stress related to compressive tectonic phase responsible for structuring of this region.
The density measurements of the spatial lineaments distribution indicate high general density of lineaments in structures centres. It exceeds in some localities 2.5 lineaments per 1 km 2 . It also reaches high values in zones where we have a visible variation of structuration and general elongation of Jebals. It has low values in structures peripheries.
Results of the lineaments length study show that directional families with the same fold axis are the longest.
This method can be useful to evaluate relationships of folding and fracturing and the study of mechanical deformation and stress analysis. This method of semi-automatic extraction and interpretation of the spatial distribution of lineaments is helpful in the analysis of fractured carbonate reservoirs mostly in hydrogeological field where we can perform other complementary on-site fieldwork and microtectonic analysis to have an idea about the type of flow and reservoir potentiality.
